INTRODUCTION
Intensive efforts have been directed toward interpretation of concentration polai~ization and limiting current phenomena, taking into account pertinent physical properties of the electrolytes, cell geometries, and prevailing hydrodynamic conditions (1) (2) (3) (4) . Quantitative interpretation of polarization and limiting current data requires a knowledge of densities and viscosities of the electrolyte as well as the diffusion coefficients of the reacting ionic species. The most conveniently applicable electrode reactions for purposes of mass transfer studies include the reduction of cupric ion to metal, silver ion to metal, and of ferricyanide to ferrocyanide, or vice versa. In addition to the reacting 1 Present address: Stanford Research Institute, Stanford, California. ionic species, excess "neutral" electrolyte (some strong acid or base) is frequently added to the solutions in order to render negligible the contribution of migration to the ionic mass transport. A literature survey revealed little information on the physical properties of such ternary electrolytes.
In the course of ionic mass transfer studies in this laboratory (1, 3) , densities and viscosities of the electrolytes employed were determined. Diffusion coefficients were also measured, except for copper sulfate solutions, for which reliable data have already been published (1).
CuS04-H~S04-H~O SYSTEM Materials.--All solutions were prepared with C.P. materials: copper sulfate ("Baker Analyzed") and sulfuric acid (General Chemical Co.). The compositions (molari- Tables I and II were obtained by means of a 50 cc pycnometer equipped with a capillary and calibrated with doubly distilled water. Solutions in the pycnometer were equilibrated in a thermostat controlled to •176 in the range 13~176 The density of a given solution was determined at five or six different temperatures covering the above range. This procedure yielded for each solution a density-temperature curve that could be smoothed with an average density deviation of q-0.001 g/co for the individual points from the line. Viscosity.--Measurements were made by using an Ostwald viscometer with an effiux volume of approximately 1.5 cc. A working volume of 10 cc was always pipetted into the viscometer in order to maintain a constant head of solution. Effiux time was followed by visual observation and measured to 0.1 sec with an electric timer. The viscometer was cahbrated with doubly distilled water at various temperatures in the range 13~176
This yielded an "effiux time" vs. temperature curve that was subsequently used for calculation of viscosities of the solutions at any temperature within this range. For each of the solutions the effiux time was determined at five or six temperatures within this range. From the effiux time curves and densities of water and solution (x), the viscosity of the latter at several temperatures was determined *by the familiar relation:
where t, and t~,o denote the effiux time at a given temperature of solution and water, respectively, and p, and pH~o denote the respective densities. Throughout these experiments, efflux times for water varied from 91.2 to 148.3 sec, and for the solutions from 93.0 to 235.7 sec. The experimental deviation was ~0.002 centipoise. Data.--From a density-temperature graph containing curves for twelve solutions, all 1.5M in sulfuric acid and varying in copper sulfate molarity ~0.760, a crossplot was prepared for 15 ~ 20 ~ 25 ~ and 30~ This resulted in a four isotherm plot of density vs. copper sulfate molarity. The smoothed curves of this plot are given by the data of Table I . Average density deviation from the curves was :t:0.0003 g/co. Inasmuch as there were slight variations in sulfuric acid molarity of the solutions (1.493-1.508M It:S04), the above deviation is not unexpected, and is not considered to be significant.
Similarly the viscosity temperature graph for the above mentioned solutions was crossplotted, and a smoothed plot of viscosity vs. copper sulfate composition prepared for 15 ~ 20 ~ 25 ~ 30~ Although viscosity measurements could be reproduced to 0.002 centipoise, the average deviation from the smoothed curves represented by the data of Table III was • centipoise. The magnitude of these deviations should be ascribed to the above-mentioned slight variations in the molarity of sulfuric acid.
Viscosity and density d~terminations were also made for two aqueous CuSO,-H2SO4-glycerol solutions by the above methods. The results for temperatures 20 ~ 25 ~ and 30~ are reported in Table II. Although some data on solutions of these substances are available in the literature (5, 6), they are not of a type or composition range which permit comparison with the present results. A comparison of the data of the LandoltB6rnstein Tables (7) for pure sulfuric acid solutions with the corresponding data in Table I can be made. After appropriate temperature interpolations, the two sets of data are in agreement within unity in the fourth place.
Viscosity data for aqueous CuSO4-H:SO4 solutions could not be located in the literature. (Tables IV and VI) . Diffusion coe2~cients.--These were measured in McBainNorthrup type (8, 9) diaphragm cells. Cell constants were based on the integral diffusion coefficient for 0.1N potassium chloride diffusing into initially pure water until concentrations in the two compartments were 0.075N and 0.025N, respectively, using the value of 1.870 X 10 -~ cm~/sec for DKCI at 25~ as determined by Harned and Nuttal (10) . D,~cm4 was obtained by contacting approximately 1.6Y~ perchloric acid through the diaphragm with 1.2M acid, diffusion taking place until the concentration of perchloric acid changed by about 0.1-0.15M. In the measure~mnt of DA,cm4, silver perchlorate dissolved in 1.5M perchloric acid, was allowed to diffuse into 1.51V[ perchloric acid initially free of silver perchlorate. In Table  VII the values of the "integral diffusion coefficients" are given for four different average concentrations. The average represents the arithmetic mean of four concentrations, i.e., the initial and final concentrations in both compartments of the cell. Concentrations of perchloric acid and Ag + in both compartments were established by careful analytic procedures prior to and following the mass ex- Ferricyanide was determined by the iodometric procedure (ll) and ferrocyanide by permanganate titration (12) . Densities and viscosities.--Values for these properties were determined by methods already described for the copper sulfate and silver chlorate solutions. Electrical conductivities.--Electrical conductivities were determined.in a conventional conductivity cell, calibrated with a potassium chloride solution, using an audio oscillator as a source for 1000 cycle alternating current, a Wheatstone bridge, and an oscilloscope as a zero instrument. Estimated accuracy was 4-0.5%. Results for a number of solutions for temperatures 25 ~ and 30 ~ are summarized in Table VIII . Diffusion eoe~cients.--A capillary technique similar to the one first described by Anderson and Saddington (13) was chosen for this work because of its apparent simplicity and reliability. (The 1V[cBain-Northrup diaphragm cell method was not used because of the anticipated attack of the strong alkali solution on the sintered glass diaphragm.)
In the method employed here diffusion takes place from a capillary tube into an effectively infinite reservoir in which the capillary is immersed. This feature has the advantage that the width of the diffusion zone is small compared to its length, thus minimizing the effects of convection currents.
Four capillaries were simultaneously filled by means of a syringe with solutions A-2 and B-2 (see below) containing potassium ferricyanide, potassium ferrocyanide, and sodium hydroxide. The large reservoir in which they were immersed at time l = 0 contained solution A-l, with no ferrocyanide, or solution B-l, which contained no ferricyanide.
If the axis of the capiIlary is taken as x-axis then the boundary conditions for the concentration C of the diffusing species are: where C~vg is the average concentration of the diffusing species in the capillary after time t. Since L and t were known, an analytic determination of Co and C~,g sufficed for the calculation of the diffusion coefficient D.
In general the times were chosen so that C~v~/Co was about 0.6-0.7. To reduce experimental error several capillaries of different lengths and volumes were used.
For the diffusion of ferricyanide ion the reproducibility was 4-1.5%. In the case of the ferrocyanide, however, it was at best • due to the difficult endpoint determination in permanganate titration of the small volume of solution from the capillaries.
For diffusion of ferricyanide from solution B-2 in the capillaries into solution B-l, the following average results were obtained at 25~ Estimates from equivalent conductance data, corrected for viscosity, gave D~/T values of 2.62 and 2.22 • 10 -~~ for ferri-and ferrocyanide, respectively. Since such estimates, usually satisfactory at low concentrations, were expected to be somewhat high, the results obtained in these measurements are considered reliable.
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